Many studies have attempted to examine the predictive power of financial variables for numerous countries, but rarely does such research focus on future economic activities with respect to Australia. Financial variables are used to predict future economic events primarily because these variables are the closest indicators of the expectations and activities of investors and other economic agents. The recent global financial crisis (GFC) stemming from the subprime crisis shows that financial markets significantly influence global macroeconomic activities. In this study, we use major financial variables, such as the 90-day Treasury bill rate, 10-year Treasury bond rate, interest rate spread, and Australian stock index data. Similar to the housing prices in some other countries, those in Australia play a key role in future economic activities. In addition to financial variables, housing stock data is incorporated into our model for more realistic results, which are obtained by probit maximum likelihood estimation. We also use a general model for forecasting Australia's GDP growth until the third quarter of 2012. The results support previous research findings, indicating that financial variables are a useful tool for forecasting future economic activities in Australia. 
Introduction
Considerable research has been devoted to the power of financial variables to predict real economic activity. Most studies focus on using financial variables to predict future macroeconomic conditions, such as the future inflation levels, economic growth, or economic recessions. Stock returns, interest rates, and term structures are the most commonly used financial variables. These studies provide inconclusive results because of the diverse model specifications and variations used for different samples (e.g., Espinoza et al. 2009 ). Financial variables are used to predict future economic events primarily because these variables are the closest indicators of the expectations and activities of investors and other economic agents. Macroeconomists argue that there exists a strong relationship between nominal interest rate spread and output level (For example, Begum 1998) . From a monetary policy perspective, applying a structural interpretation of this type of correlation facilitates appropriate recommendations for policy responses to future economic activities. The recent subprime mortgage defaults resulted in large losses for financial institutions. These losses led to economic downturns in many countries, thereby causing the global financial crisis (GFC). The GFC and the subsequent global recession reflect a strong relationship between financial variables and real economic activity. Watson (1991) , Estrella & Mishkin (1998) , Bernard & Gerlach (1996) , Atta-Mensha & Tkacz (1998) , Stock & Watson (2003) , Forni et al. (2003) , Chauvet & Potter (2005) , Giacomini & Rossi (2006) , and Espinoza et al. (2009) examine the power of financial variables in forecasting future economic activities. These authors confirm the usefulness of applying financial variables to the contexts of the US, Canada, and European countries. A significant issue regarding the prediction of the macroeconomic outcomes of a country is using economic variables rather than financial variables in predictions. This issue may be addressed from three viewpoints. First, given the phenomenon of the global village and rapid capital movement, financial markets or financial variables are crucial for determining the future economic growth of a country. The GFC is regarded as strong evidence of this point. Second, financial variables can complement macroeconomic forecast models. Third, macroeconomic and financial variables have a significant relationship. Researchers also indicate that interest differentials are unbiased as predictors of future inflation differentials, and that term structures can predict future inflation changes, confirming the usefulness of financial variables in forecasting future economic events (Caporale & Pittis 1998) . The objective of the current work, therefore, is to validate the predictive performance of important financial variables, primarily the term structure of interest rates and similar variables, in predicting Australian recessions. We assume a relationship between interest rates and economic growth for following reasons:
Interest rates and monetary policy are related and can affect economic growth.
The behaviours of participants in financial markets vary according to their expectations on economic growth.
As there is a theoretical explanation linking inflation to interest rate and output, we assume these reasons are linked to short-and long-term interest rates, term structure and are strong determinants of future economic activities (for a survey of literature on this see, Wheelock and Wohar, 2009) . Following Bernard & Gerlach (1996) for Europe, Atta-Mensha & Tkacz (1998) for Canada, and Estrella & Mishkin (1998) for the US, we use a probit model to analyse Australia's financial system and economic conditions. These studies are used as bases given that the financial system and economic conditions of North American countries and Europe are comparable to those of Australia. Using equivalent methodologies can yield robust results.
The rest of the paper is organised as follows. Section 2 presents a review of literature and Section 3 discusses the model and data. In Section 4, we explain the empirical results and in Section 5, we outline the limitations of the study. Section 6 concludes.
Literature Review
The US National Bureau of Economic Research (NBER) pioneered the application of leading economic indicators in forecasting future economic events. The NBER began developing indicator series long before computers were employed for prediction (Mitchell & Burn 1938) . Interest rate, however, was not among the indicators developed by the NBER in the early stages primarily because of the lack of variations in interest rates in the 1930s and 1940s (Atta-Mensha & Tkacz 1998) . Among the most important are Moore (1961) , Moore & Shiskin (1966), and Beckett (1961) . Stock & Watson (1993) , Watson (1991) , Estrella & Hardouvelis (1991) and Hu (1993) present evidence that financial variables, such as interest rates and spreads, are powerful predictors of future economic activities. Specifically, Stock & Watson (1993) and Friedman & Kuttner (1992) confirm that the spread between the interest rates on commercial paper and Treasury bills significantly explains real economic activity. In succeeding work, Bernanke (1990) and Stock & Watson (1993) find that the predictive power of paper-bill spread and interest rate weakened during the second half of the 1980s and the early 1990s. Other notable studies in the 1980s that examine the predictability of future real economic activity using financial variables include Harvey (1988) , Laurent (1988 Laurent ( , 1989 , and Atta-Mensha & Tkacz (1998) . There were number of significant studies done on this subject in the 1990s. Among them, Bernenke (1990), Estrella & Hardouvelis (1991) , Stock & Watson (1993) , Estrella & Mishkin (1998) , Bernard & Gerlach (1996) , and Atta-Mensha & Tkacz (1998) . The most recent research includes Stock & Watson (2003) , Moneta (2005) , Giacomini & Rossi (2006) , Panopoulou (2006), and Junttila (2007) . Espinoza et al. (2009) use vector autoregressions that include the GDP variables of the US and the euro area, as well as growth in the rest of the world (an aggregation of seven small countries) and a combination of selected financial variables. The authors also use impulse response (insample) tests to show that shocks to financial variables influence real economic activity.
Most of the aforementioned studies demonstrate that financial variables, such as the term structure of interest rates, stock returns, bond yield or spread, and money supply or monetary aggregates, contain valuable information on the future trends of real economic activity. The early practice of using stock market data to predict future economic activities has changed as a result of researchers employing many other similar variables, such as bond market data. These scholars argue that bond market data is a more accurate predictor than commonly used stock returns. Over the years, researchers have chosen various models and approaches for predicting future economic activities. Many predict, rather than quantify, such activities or recessions, while others forecast future economic activities using out-of-sample performance in addition to in-sample estimates. An extensively used model is the probit model, but various parametric and non-parametric methods have also been adopted. Wheelock and Wohar (2009) have surveyed substantial amount of literature on this issue. They have found out that most studies have been using linear regression techniques to forecast changes in output. Many others have been using time-varying parameter models such as Markov-switching models and smooth transition models. Most studies find that the term spread predicts output growth and recessions up to one year in advance.
Despite the substantial efforts devoted to studying financial variables as predictors, the few that focus on Australia are characterised by the use of stock returns, as well as shortand long-term bond yields, as predictors of future activities (e.g., Lowe 1992; Mishkin & Simon 1994; Alles 1995; Fisher & Felmingham 1998; Karunaratne 2002; Valadkhani 2003; Edirisuriya, 2005) . Lowe (1992) provides empirical evidence that the spread between 10-year Treasury bonds and 180-day bank bills predicts the rate of change exhibited by several measures of real economic activity, but that such a spread has little predictive power over short-and long-term horizons. Alles (1995) shows that term spread more accurately forecasts cumulative future growth than marginal future growth. The author also finds that explanatory power begins to decline beyond 2 to 3 years into the future, regardless of the combination of long-and short-term yields used to measure the spread. Using Fisher effects, Mishkin & Simon (1994) reveal that short-term changes in the Australian interest rate reflect changes in monetary policy, whereas long-run levels indicate inflationary expectations. The authors conclude that long-term interest rates should not be used to characterise the direction of monetary policy in Australia. Fisher & Felmingham (1998) use the Australian yield curve as a leading indicator in predicting consumption growth. In this study, quarterly data from 1983 4 th quarter to 1995 4 th quarter are employed to determine whether all 'real' spreads from a quarter to 2 years are significant. Fisher & Felmingham's (1998) model also provide accurate out-of-sample predictions. On the basis of quarterly time series data from 1980:1 to 2002:2, Valadkhani (2003) acquires results that are consistent with previous studies on France, Germany, the UK, and Australia. The author finds that a 10% increase in the interest rate spread between 10-year Treasury bonds and 90-day bank bills results in an approximately 4% rise in GDP growth over succeeding 7 to 9 quarters. Among all the studies on Australia, only two (Karunaratne 2002; Edirisuriya 2005) have thus far attempted to use financial variables to predict recessions. No efforts have been directed towards using a specific model (probit) with time series data to examine the predictive performance of financial variables under recession/no-recession situations for the country. The current work intends to fill these gaps.
Model and Data
We use regression analysis, following Bernard & Gerlach (1996) , Mishkin (1998), and Atta-Mensha & Tkacz (1998) . Specifically, we employ a probit model (a logit model is also a suitable alternative) capable of predicting future recessions in Australia. The advantage of using a probit model is that it demonstrates a clear outcome: whether Australia is in a recession in a particular period. The model is preferred over a linear probability model because in the latter, deriving predicted values, such as 0 or 1, or values beyond the interval 0 to 1, is difficult (Ramanathan 1998) . If recession periods are taken as quarterly periods, during which economic growth has a negative value, the dependent variable can then be defined as follows: Z t = 1 if the Australian economy is in a recession at time t = 0 otherwise With the definition above, therefore, a standard linear regression model should be expressed in the form:
where X t -k is the typical explanatory variable at time t-k. When the dependent variable is defined as above (Z t = 1; 0 otherwise), using such a linear regression model yields spurious results (Greene 1993; Estrella & Mishkin 1995) . Because the proposed probit model enables the acquisition of 0 and 1 as predicted values, it can be expressed as:
where F is the normal cumulative distribution which is given as
Coefficients  0 and  1 are estimated using the maximum likelihood function given as log , , ∑ , log 1 log 1
In the estimation, the P value can be taken as the probability of a recession occurring, depending on the obtained value of the independent variable. We use pseudo R 2 as the goodness-of-fit measure for the probit model. Estrella (1995) defines pseudo R 2 as:
where L u is the value of the likelihood of the estimated model and L c denotes the value of a model that contains only a constant term. Pseudo R 2 is chosen for this study because it intuitively corresponds to the commonly used linear R 2 when its values are far from end points 0 and 1 (Estrella & Mischkin 1998) . This correspondence shows that a pseudo R 2 value closer to 1 indicates stronger explanatory power.
We use major financial variables in the prediction. In our model, TN represents the Treasury note rate, TB is the Treasury bond rate, REIT denotes the Australian Real Estate Investment Trusts index data, SE is the Australian Stock Market index (All Ordinaries index) and M3 refers to broad money supply. Similar to Stock & Watson (2001) , we obtain quarterly data (from the first quarter of 1960 to the fourth quarter of 2009) on the GDP, M3, and All Ordinaries index. Data on REIT, Treasury bonds, and 90-day bank bills dates back to 1970. TN represents short-term interest rates while TB is to represent medium to longer term rates. TN and TB are used basically to capture short to longer term growth impacts. REIT is important as Australia's economic growth has a significant influence due to increased or decreased housing market activities. Similarly, we use SE and M3 both have influence on economic activities, to prediction purposes. All the data come from the ABS Time Series and the Reserve Bank of Australia Bulletins.
In addition to probit model estimations, a general model is also used to forecast Australia's future GDP growth a few quarters ahead (Stock & Watson, 2001) . A GDP forecast reveals whether Australia will experience a recession in the future.
Empirical Results
The results are based on equations estimated over the entire sample period (Table 1) ; these findings are obtained using probit maximum likelihood estimations. Table 2 shows the results for individual variable estimations. As previously stated, the financial variables used are 90-day bank bill rates (90BBL), 10-year Treasury bond rates (10YTB), real estate investment trust index values (REIT), money supply values (M3), and the Australian Stock Exchange index data (ALLORD). All the data are the change values from the previous quarter. We believe using change values captures short-and long-term effects. As indicated by many previous studies, financial variables are highly useful in predicting future economic activities. The overall sample results in the current work indicate that some variables effectively predict long-term effects (90BBL), whereas a few variables effectively predict short-term prospects (M3 and ALLORD). Changing the forecast horizon (quarterly periods) from k-0 to k-6 generates the estimates used to examine the capability of different financial variables to predict recessions a number of periods ahead. Testing for up to eight quarterly periods is conducted, but we do not discuss these here because results begin to change to a negligible level after the sixth quarter. Although the results vary, the predictive power of almost all the variables is significant when estimation is performed individually. When the full sample is considered, however, a few variables become nonsignificant, a result that may be attributed to the effect of other variables; financial markets are not influenced by a single particular variable. M3 and ALLORD begin to lose predictive power after 2 quarters, whereas 90BBL and 10YTB strengthen after the second and third quarters, relative to the results of previous studies. In the full sample estimation, REIT does not show any significance, an unexpected result given that real estate investments significantly affect Australian economic growth. In individual estimations, however, REIT shows remarkable significance (Table 2) . Tables 1  and 2 show the coefficient values, slandered error, T ratio, and pseudo R 2 values. When the variables are individually estimated, all the variables are significant at the 5% level after the second quarter, except 90BBL. Figure 2 is showing the GDP forecast and a 95% confidence interval. In our analysis the behaviour of most of the variables is similar to that of the forecast GDP, confirming the usefulness of financial variables in predicting future economic activities. Figure 3 confirms that actual GDP trend and the forecast GDP trend are very much similar indicating that predictive abilities of selected variables are robust. Change in REIT 
Figure 3 Actual and forecast GDP Limitations and Future Research Directions
Some researchers argue that using financial variables (such as the term structure of interest rates) as predictors of future economic conditions lacks a well-established theoretical foundation (Jochum & Kirchgässner 1998) . The methodologies employed in predicting future economic activities have also been criticised. For instance, although most studies use time series data, they do not consider the nonstationary characteristics of such data. That is, the methodologies used in these studies are too simple and therefore incapable of producing concrete results. As a result of the close interaction between financial variables and real variables, some of the arguments raised against the use of the former may lack popular support. Specifically, the GFC reflects a strong relationship between financial market activities and real economic activities. Another argument is that even though variables, such as term structure, are useful in predicting future economic activities in certain countries, they are not necessarily applicable to other nations. Jochum & Kirchgässner (1998) replicate the study of Mishkin (1990) for Switzerland and find similar results. However, when the former extended the basic regression by including the known short-term inflation rate and lagged values of the dependent variable, the term structure became non-significant. Nevertheless, this study reflects only one particular case.
Widely noted limitations associated with using financial variables to predict future economics activities are related to forecast methodologies. Numerous researchers confirm that methodological issues and endogeneity problems are common in studies that use social variables. Applying different methodologies or improving existing approaches is therefore a worthwhile endeavour. Further research is needed to improve the methodological aspect of studies that use financial variables to predict future economic activities. More accurate indicator models based on financial variables can also be developed using neural networks. The application of neural networks in future economic forecasting is still in its infancy, but a few studies have shown encouraging results (Taylor 1996) . Well-known indicator models exhibit poor performance for 1-quarter forecasts because the variables used cannot sufficiently explain the volatility of such predictions (recession or growth rate). Dynamic neural network models are more accurate than linear models by about 5% (Tkacz & Hu 1999) .
Conclusion
This study uses a probit model similar to those applied to determining the ability of financial variables to predict future economic activities in other countries. We examine the predictive power of Australian financial variables. The present study extends the work of Estrella (1995) , providing similar findings for Australia; such results may differ by country. We incorporate real estate indexes because these are crucial factors for economic growth activities. We also forecast the GDP growth of Australia up to 2012. On the basis of our results, we conclude that most financial variables are suitable for predicting real economic activity. Among these variables are 10-year Treasury bonds and 90-day bank bills under full sample estimation. Furthermore, almost all the variables are useful in predicting future activities under individual estimation. Our results strongly support the use of financial variables to predict future economic activities for policy decisions purposes. 
